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ABSTEACT 

Point and range estim,ates O'f the incremental capital and 
operating costs to Ontario's refineries of implementing 
monitoring regulations under the MISA program are derived and 
STUunarized. 

Six key monitoring activities or functions were Identified i 

- sampling; 

flow measurement; \ 

--' characterization analyses; 
-■ ro'Utine analyses; 

toxicity testing; and 

reporting and administration. 

The total capital cost of complying with the monitoring 
regulation ranges from $1 million to $2 million with a point 
estimate of $1.6 million. O'f this amo^unt, $208,700 or 13% of 
the point estimate, is designated for automated flow 
measurement and sampling facilities on intake water points. 
Sampling and analyses O'f intake water is not expressly 
required by the regulations but is deemed necessary in order 
tO' determine net loadings from each refinery. 

Automated sampling and flow me^asurement equipment are being 
installed on virtually all wastewater sampling points in 
order to avoid recurring labour costs that would be 
associated with other methods of obtaining these 
measurements . 

Total operating costs for 12 months over the 18-month period 
of the regulations are estimated to range from, $2 million to 

$2.3 million. About $145,000 would be spent to carry out 
characterization, rou;tine and toxicity testing on intake 

water . 

An analysis of selected financial impacts was perfO'rmed on 
the consolidated financial performance of the petroleum 
products segment of each oil company except Petrosar,. 
Financial data necessary to conduct these analyses were no't 
available for Petrosar.. 

The oil industry views the extra co^sts of the regulations as 

a necessary cO'St O'f doing business. 

The extra capital costs amount to between 0.06% and 1.86% of 
the lowest annual capital expenditure reported by each firm 
since 1981.. 

The extra operating costs amount to between 0.4%, and 1.4%, of 

the lowest annual after-tax profits experienced by 4 of the 
companies between 1981 and 1985. 
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Extra operating costs, amount to 33% of one firmVs unusually 
low profits in 1984 and would have increased another firm's 
total loss between 1983 and 1985 by 1%,. 
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SOIMAIRE 



Lc prisent rappoT't do^nne 1 '' estimation des depenses 
d' exploitation et d ' immobilisations, qu' entrainera, pour les 
raffineries de 1'' Ontario,, 1 ' application des reglements sur la 
surveillance des effluents dans le cadre de la Strategie 
municipale et industriells de depollution. 

Les six champs suivants o^nt ete examines- 

1 ' e c h an t i 1 1 onn a g e ; 

la mesure de 1 ' ecoulem,ent ; 

les analyses de caracterisation; 

les analyses de routine; 

les tests de to^xicite; 

la presentation de rapports et la gestion. 

Les depenses d' immO'bllisations entrainees par les me:sures de 
depollution vont de un million a deux mil ions de dollars; la 
moyenne s ' etabllssant a 1,6 million. De cette somme, 
2C8 70'0 $, ou 13 %., seront affectes au mesurage autom,atise de 
1 ' ecoulement et a 1 '' echantillonnage de I'eau aux points 
d'arrivee. L' echantillonnage et 1 ' analyse de ces effluents 
ne sont pas obligatoires d'apres les reglements, mais il 
semble qu'ils soient necessaires pour pouvoir determiner la 
charge nette rejetee par chaque raffinerie. 

On amenage a 1 ' heure actuelle des appareils automatises 
d' echantillonnage et de mesure de I'ecoulement a quasiment 
tous les podnts de deversement des eaux usees. Ainsi, les 
raffineries pouxTont epargner les couts de main-d' oeuvre 
associes aux autres methodes . 

On estime que les couts d' exploitation totaux pour 12 mois, 
pendant la periode de 18 mois que durera la mise en 
application des reglements, varieront entre 2 millions et 
2,3 millions de dollars. Les raffineries consacreront 

environ 145 O'O'O' $ aux analyses de routine et de 

caracterisation ainsi qu'aux tests de toxicite. 

Par ailleurs, on a analyse certaines des repercussions 
economiques qu'auront de telles m,esures sur le rendement 
financier consolide du secteur des produits derives du 
petrole de chaque societe, a 1' exclusion de la Petrosar. 
Dans ce dernier cas, on n'a pu obtenir les donnees. 
necessaires pour effectuer les analyses. 

1' Industrie petroliere considere que les depenses 
supplementaires entrainees par les reglements provinciaux 
sont parfaitement justifiees dans le cadre de leurs 

activites . 
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Les cO'Uts d' immobiliaations supplementaires representent de 
O',. 06 % a 1,86 % des depenses d' immobdlisatiO'ns annuelles les 
plus basses signalees par les societes depuis 1981. 

Quant aux couts d ' exploitation supplementaires,, ils 
representent de 0',4 % a 1,4 % des benefices apree impots les 
plus bas de quatre societes entre 1981 et 1985. 

Ils representent, d' autre part, 33 % des benefices 
anormalement bas signales par 1 ' une des societes en 1984. 
Elles auraient hausse de un pour cent les pertes totales 

subies par une autre societe entre 1983 et 1985. 
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1.0 BACKGROUHD AND PURPOSE OF REPORT 

1 . 1 M I Bh Ob 3 ect i ves 

The Ontario' Ministry of the Environmant (MOE) has 
launched the Municipal- Industrial Strategy for 
Abatement (MISA) . The primary intent of the 
Program is to achieve the "virtual elimination of 
toxic contaminants in municipal and industrial 
discharges into waterways" (Ontario Ministry of the 
Environm,ent, June 1986). 

The MISA Program consists of three broad, 

components: 

1. Developm,ent and promulgation of Regulations 
which specify contaminant monitoxing 
requirements. 

2. Development and promulgation of Regulations 
which specify effluent limits which will be 
based on, "best available technology, 
economically achievable" or water quality 
impacts, whichever is more stringe,nt, and ar& 
aimed at reducing the loadings o^f persistent 
and toKic contaminants in, municipal and 
industrial wastewater discharges. 

3. implementation of .abatement programs and, 

enf orce,ment activities to ensure that specific 
objectives, program schedules and deadlines 
a,re met . 

The MISA program will encom,pass at least 200 of 
Ontario's industrial establishm,ents which discharge 
wastewaters directly into provincial waterways,. 
These establishments are disaggregated into 
industrial sectors including: 

petroleum refining; 

*- organic chemicals; 

pulp and paper; 
« iron and steel; 
^ metal mining and refining; 
** industrial minerals; 

electric power generation; 
*- inorganic chemicals; 
- metal casting. 

All industrial dischargers and sectors not listed 

will be regulated under the MISA program 
eventually. Regulations for the sectors listed 
above are being develop'ed at this time because 
their impacts on receiving waters is best known. 



1 . 2 Monitoring Regnjlaltions foT 'Ontario's 'Petrol, eum 
Refineries 

The first monitO'ring regulation under the MISA 
pro^gram applies to^ all seven OntariO' petroleum 
refineries. The refineries and their locations are 
as follows: 

Esso Petroleum Canada (Sarnia) 
^ Petro-Canada Inc. (Clarkson) 

« Petro-Canada Inc. (Trafalgar) 

* Petrosar Limited (Corunna) 

Shell Canada Products Limited (Sarnia) 
»■■ Suncor Inc. (Sarnia) 

* Texaco Canada Inc. (Nanticoke) 

The physical configurations the effluent treatment 
and outlet systems O'f these refineries are depicted 
in the Report on the 1986 Industrial Direct 
Discharges in Ontario (Ontario Ministry O'f the 
Environment, 1987: pp. "25-33). Data on 
conventional contaminant discharges from each 
refinery are also presented in that report. A 
description of the petroleum industry in Canada and 
Ontario is presented in the Economic and Financial 
Profile of the Ontario Petroleum Refinery Industry 
- Summary Report (Ontario' Ministry of the 
Environment, 1988). 

The petroleum refinery monitoring requirements are 
specified in two regulations: 

1* "Effluent Monitoring - General" - a regulation 
which specifies flO'W measurement, sampling, 
toxicity testing, analytical and reporting 
requirements that will be common for all 
industrial sectors subject to the MISA 
program; and 

2. "Effluent Monito^ring - Petroleum Refining 
Sector'" ~ a regulation that will define 
monitoring requirements specific to Ontario 
P e t r o 1 eum. Refine r i e s . 

These regulations will come into^ fO'rce six months 
after they are promulgated and continue in force 
during the subsequent 12 -month period. At the end 
of the 18-month period, provisions o^f the "Effluent 

Monitoring - Petroleum Refining Sector'"' regula'tion 
will be 'terminated. Daily sam'pling, analyses and 
characterization requirements will con'tinue after 
the 18-month period of the regulation. O'ther 
moni'toring requirements that are to be implemented 
after the 18-month tenure of 'the "Effluen't 
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MO'iiitO'ring - Petrol,eum Refining Sector" regulatiott 
will be specified in an "effluent limits coTOpliance 
regiilatiO'n" which is expected to be promulgated in 
1990 « 



1 . 3 PurpO'Se of the Present Report 

This investigation is part of the total econoTOlc 

assessment component O'f the MlSh program which is 
discussed in the repO'rt,, "Econ,omic InfO'rmatiO'n 
Needs and Assessments fo^r Developing MISA 
Monitoring and Abatement Requirements" (Ontario^ 
March 1987) . 

The intent of this report is to^ present estim,ates 
of the m,agnitudes O'f the incremental costs on the 
petroleum, industry of the requirements in the 
effluent Monitoring Regulations for the Petroleum 
Refinery sector. 

It would have been ideal to identify all feasible 
monitoring technologies or systemB that could be 
applied to achieve the monitoring requirements and 
then determine which option would be least-cost to 
the refineries. Moreover, if the beneficial 
consequences of each, potential monitoring 
technology or combination of m,onitoring 
tec,h,nologie,s a,nd procedures could be quant i,fied, 
valued and compared, a,n optimum, mix of monitoring 
,systems could be determi,ned. 

Monitoring techniques and the types of equipment tO' 
be used were largely determined in negotiations 

with the industry during the Joint Technical 
Committee consultative process. By the time the 
present analysis was jnitiated, most of the various 
monitoring requirements had been decided upon. 

Consequently, a systematic, benef it-cO'St assessment 
or a comprehensive cO'St-ef f ectiveness analysis of 
the m,onitoring regulation is .nO't presented in t,his 
report. However, the costs O'f the mo^nitoring 
functions that, have been estimated are deemed to be 
the most cost effective for each individual 
refinery. Finally, fin,ancial data wexe available 
to determine economic im,pacts of the monitoring 
costs on five out of six petroleum firms which 
operate refineries in Ontario. 
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1.4 Coet Est.im.at ion tfet.hodo.lo>gy 

There are two types of incremental costs of 
monitoring,.- 

*•■ one-time capital expenditures for equipment,^ 

installation, computers, software and 
vehicles ; 

« recurring {annual) operating expenses. 

Capital and operating costs have been estimated fox 
each monitoring function at each refinery. 

The steps involved in cost estimation include:: 

^ determination of the tasks, equipment, 

services and person-days and other factor 
inputs required to implement each monitoring 
function; 

■^ specification of simplifying assumptions where 

there is insufficient information ox where 
there are uncertainties about quantities of 
factor inputs required for a specific task. 

To the extent possible, a range of cO'St estimates 
has been generated fox each o^f the various 
ra_,onitoring functions for the following reasons: 

- The actual equipment and labour and the prices 
of the various inputs required to implement 
different types of monitoring functions are 

uncertain. 

There is some flexibility as to how each 
refinery may implement some of the monitoring 

requirements (e.g., sampling) which may result 
in different costs. 

Single valued "point" estimates im:ply a degree 

of certainty and accuracy that seldom,, e,xists. 

After a review of an initial draft of this report, 
the petroleum companies submitted estimates of the 
costs O.L complying with the regulations at their 
refineries (E.J. Carter, February 7, 1988), 
Industry representatives also provided useful 
comments on the earlier draft cf this report. 
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Coet estimates provided by the petrol, eum companies 
are based on the following assumptions and 
perspectives : 

Any monitoring expenses that were incurred as 
a voluntary response to federal and provincial 
monitoxing guidelines and which are now 
mandatory under the MISA regulatiO'ns ehou,ld be 
attributed entirely to the regulations (N.B.. 
All refineries conduct monitoring for 
wastewater treatment process control which are 
not included in these estimates) . 

Monitoring will be carried out by the 
refineries on water intakes as well as 
effluent sampling points. This is not 
expressly required in the regulations but is 
deemed necessary in order to^ determine the net 
loadings contributed by a plant, 

'^ Many existing flow measurement and sampling 

devices at refineries will have to be replaced 
in order to comply with the regulations. 

For some m,onitoring functions, an estimating 
procedure or prices for equipment or services were 
employed which were different from those used by 
industry. This was done in order to make the 
estimates comparable from one refinery to another 
or to produce disaggregations that were not 
provided by all companies. In some' cases, firms 
have indicated that they plan to install optional 
equipment, in order to avoid higher annual operating 
costs in the future. 

All cost estim,ates are expressed in 1986-87 
dollars . 

Indications of the economic impacts O'f the 
monitoring costs on individual firms were estimated 
in the following manner: 

** The capital cO'Sts O'f monitoring at eaeh 

refinery were compared with the lowest annual 
capital expenditure in the petroleum segment 
of each company's operation,s between 1981 and 
1985. This calculation indicates what 
proportion of the firm/'s capital expenditure 
would have to have been diverted to ii,onitoring 
in the "worst year" for capital expenditure,, 

^ The op'orating co^sts are comp,ared, with the 

lowest annual after-tax earnings or profits 
for the petroleum, products segment of each 
firm between 1981 and 1985. 
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Data were available to conduct these analyses on 
each firm except Polysar. Moreover, financial data 
for individual refineries in Ontario are not 
available. Therefore, the analyses show the 
impacts of estimated monitoring cO'Sta on the 
consolidated petrol, eum products business segments 
of each particular company. 



1.5 Plan of RepO'rt 

The next section describes the requirements set out 
by the generic and the industry-specific 
regulations and enumerates the input requirements 
needed for each monitoxing function. Assumptions 
that have been m_,ade to facilitate coat estimation 
are also specified in Section 2.0'. 

The cO'St estimmtes are presented in Section 3.0. 
The reader may wish to skip Section 2 . 0^ since there 
are cross-references to the relevant subsections in 
Section 3.0. A discussion of the financial impacts 

of these costs is included in Section 3.11. 

Conclusions and recommendations are presented in 
Section 4.0'. 
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2 . HON I TOR mo PROCEDURES AND REQUIREMENTS 

2.1 Components and Fuii,ct.ions of Monl'tO'rlng 

Monitoring consists of six functions and activities 
which each wastewater discharger must implement to 
various degrees and levels of effort. 



1. Sampling; 

2. Wastewater flow measurement j 

3. CharacterlEation analyses; 

4 . Routine an a 1 y s e s ; 

5. Toxicity or biological testing; 

6. Reporting and administration . 



Each refinery may adopt a different configuration 
O'f monitoxing functions according to Its individual 
needs and existing practices, Som,e refineries have 
already installed certain monitoring instruments. 

Another cost component includes the time and effort 
expended by industry personnel in developing the 
regulations and in conducting assessments and 
evaluations . 

The following sections provide explanations of the 
six types of monitoring functions and the pre- 
regulation development activities. Estimates of 
physical input requirements for each function are 
enumerated . 



2 .2 S amp ling Regu i r em,ent s 

Sampling is the process of taking samples of 

effluent ot discharge water from a refinery outfall 

O'r O'ther lO'Cations which can be analyzed as 

required by the regulation. 

Five types of sampling povints or effluent streams 
are defined in the regulation: 



1 . Process effluent 

2. Once-through cooling water 

3 . Stormwater 

4. Emergency overflow 

5. Landfarm leachate 
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Industry re'presentatives have stated that intake 
water will also be tested at each plant in order to 
determine net loadings. While this is not 
expressly required by the regulations, sampling and 
testing of intake water will be necessary to 
determine precisely how much of a contaminant the 
refinery is actually discharging. It is a 
voluntary option which all plants will implement to 
some degree. 

Sampling protocols and specifications concerning 
allowable equipment, sample containers, container 
pre-treatment ^ preservation, etc,,, are defined, in 
Section 4 of the "Effluent Monitoring - General" 
regulation. 

A description O'f each type of effluent stream, the 
sampling methods that are permitted and the number 
of each type of sampling po'int that is lo'cated at 
each refinery are summarized in Table 2 ., 1 . 

In addition, because the regulations restrict 
materials used in sampling devices to fluorocarbon 
resins, glass, stainless steel and various types of 
polyethylene plastics, many of the existing 
sampling devices in refineries will have to be 
replaced,. 

All sampling equipment and flow measurement devices 

must be installed with the necessary fittings tO' 
enable ready and safe access and inspection by a 
provincial O'fficer. 

Refrigeration equipment will be required at each 
refinery to keep samples at required temperatures 
while they are being taken and to store samples 
longer than 24 hours before analysis. In some 
situations and locations, explosion-proof equipment 
will be required. Moreover, if samplers are 
located outdoors, they must be housed in an 
insulated, heated enclosure to prevent freezing 
during the winter. 

For purposes of this analysis, it is assumed that a 
new vehicle will be dedicated to the co'llection of 

samples at each refinery. 

Because O'f the large number of samples that have to 

be prepared,, laboratory preparation space will be 

enlarged at two of the refineries. 



- 8 - 



2 ,3 Flow Measurement 

Effluent flows are measured as a volume per unit 
time (e.g., litres per day, cubic metres per month,^ 
etc.). Flow measurements are necessary in order to 
calculate contaminant lo^ading in each effluent 
stream and from the refinery as a whole. The 
installation of automatic flow measurement devices 
at certain sampling points is required in order to 
achieve the required accuracy. Some firms intend 
to install flow measurement equipment at inlets 
toi alloiw calculation of net loadings. Actual flow 
measureme'nts can be made and recorded continuously 
with automatic equipment, or they can be recorded 
manually at the time of sampling by a technician. 

Flow measurement requirem;ents at each type of 

sampling point, together with the measurement 
techniques that can be used, are summarized in 
Table 2.2. 

A primary flow measurement device is defined in the 

regulation as an apparatus which produces, at a 
specified sensing lo^cation, or set of locations, a 
defined range o^f measurements that are uniquely 
related to the flow at that location. Primary flow 
measurement devices include hydraulic flumes or 
weirs for open channel flows, or meters, such as an 
orifice plate O'F a magnetic meter, for pressure 
pipe flows. 

Once the flow has been channelled by the primary 
device, a secondary flow measurement device 
converts the information from a sensor or sensors 
installed on the primary device into fiowrate data.. 
The secondary device may have ancillary equipment 
to facilitate the visual display of flow rat,e and 
volumes passed. Analog or digital meters, 
integrators, recorders, data loggers and computers 
are components of secondary measurement devices. 

The difficulty and expense of installing flow 
measurement devices varies from one plant to 
another due to site-specific characteristics such 
as the volume of effluent flow and the 
accessability of the sites to install the 
equipment. Some firms will have to excavate new 
man-holes to reach effluent pipes in order tO' 
install equipment. Others will only have to 
install weirs or flumes in an effluent ditch. 
Installation costs generally exceed equipment 
expenses , 
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1 TABLE 2.1 

SAMPLIMC BEQUWEMENITS FOB IPETimiLEWI REf liERY EFrLUtlNT WNITORWG 


SaiMpl i'ng Point 
Locati'O-n 


Descrlpti'ion* 


LocBtion 


f Of 

Stre»*a 

per 

Refinery** 


Aot(watlc Saapling 


Manual SaRpI inf 


Flow Pro- 
port i'onal 'Equal-TiiBi, 
Coiip'O'S i te Iqiyiai-VolUBie 
Sampler Sampler 


Wlln, of '8 
'C'Oiibine'd in 
Pmoport i on 
tO' Flow 


Min, of 8 
at Equal 

T i me ,, Egoia 1 
Vo 1 unie 


3 Eiqiual V'Ol. 
Grab Saaples 
Over a 
z«-hr Periliod 


1 Grab 

Sa«p I e 


Process 
Effluent 


Effluent fnO'di a pla'nt whi'Ch Is 
contaftiniited' or po'tentially 
contaminatid due t'O' cori'tact by 
design with any process. 


on a process ef flue nit streaa 

'S itua'ted: 

a|i befiQire the place of 

d i scharge watersciiurces , 
bji after final IreatimBnt, an'di 
c) up'Stream 'Of anjf slgnif IC'Snt 

contBuina'nt mask imp or 

signif ica-nt diiutiwn bj any 

other efflO'ent. 


1. = 1 

2. = 1 

3. = 1 
'Ml. = 1 

5'. = 1 
i6'. = 1 
7, = 1 


iP 


P 

(MiP if 
flow IB 
variable] 


P 


P 

(NP if 

fl'ow is 
wariabl'e}' 


NP 


NP 


Once-tlhrough 
Coo'l ingi Water 


Wat'er that has b&e'o circulated 
onC'e through heat tran'Sfe'r 
equipnent. 


om a lO'nce-thr'Oiugh conQiling 
water streani situatedl 'beforp 
the place of discha'rgi'e toi a 
S'yrface i»ater'C'C»urie., 


1. = 3 

2. = 2 

3. = 0' 
'4. = 0' 

5. = 2 

6. = 1 

7. = © 


IP 


P 


p 


P 


P 


NP 


StOT'iiwater 
Outfalls 


Coot ami nsl Pd or pnierlMJIv ! nr a storm watfr strpaa 
tor-tarn in? tea ron-nff frim a 1 "iitu^tio hffnre the place of 
•^Inrm even" that' ' discharce tn fi surlare 

a) results Fi om pi cc i pi t at itiii w.it f-r -f r.ijr sf^ 
on thp dnvelopcrt -^^aas of a 

plant, anb ! 

b] ft 1 sr-f^rgfj to a 'urfacr 
wdfpri,ourbe thrnuah a ^ewer i 

nr 11 ! c f . 


1. = 1 

2. = 1 

3. = '0' 
li. = 1 

5. = 1 

6. = '0 

7. = 1 


P 


P 


P 


P 


P 


HP 


Ewr'gency 
Ove'riflow 


A divr-rsion of offliipnt vi/tMch 
hy p<ii,seh ttie dt-signflted 
samp] mg point for tlt*it 
effluent. 


Dr an emerqpnry ovcrf'ow 

stririiF sitiiatctf: 

,i ] bfJor p. I hrt r 1 ace of 

discharge to a !.urr'are 

waterroiirsp and 
>j ) 'jps t, renin of any Mcinifnant 

nont 3iiii":inS ■asV' ing "r 

dilution bv other effluent 


1. = 3 

2. = '0 

3. = 1 
Hi. = 

5. = 1 

6. = 

7. = 


P 


P 


P 


p 


N/A 


P 


Lanidifam 
Lea'Chate 


Ai'y liquid thst percolatfs for discharge nr it fK 
Mirnugh or njns off a *aste 1 fi i Si',h.irged to a surf are 
fliipcsal site and is ' wat fir course . Also railed 
c.>i|pciPd. "waste dfspubsl site 

ef f iu«nf' . 


II, = 0^ 

2. = 0' 

3. = 0' 

III. = 1 

5. = 0' 

6. = 1 

7. = 


'P 


P 


P 


P 


N/A 


P 



See Sectiiorii 1, "i'ef (nitlons", in "Effluent Monitoring - Genieril" Regyilation 



1 . Esso '(SiBi'p'nla} 

2. Petroi-Cenada 'fClarkson} 

3. Petro'-'Canada 'jlrafalgarl 
*i, Petrosar ilCorunna) 



Shell ISarnl'a) 
SunCiOir (Sarnial 
lexaC'Oi (Mant i'C'Oki} 



p s Saiiplini f t'Chn rqu'B' Pernftted 

MP '= S'S'Bplin'g T'tchn i quit Nat PeriBlttei 

M/,A = Not Appricab'l'e 



TMtE 2.2 

REQUIREMNrS FOR FLOW MEASUMfffiNT UNDEl TIE 
PETRQMIUM MEFIMEIY EFFJLUINT MONITOIING REGULATION 


Outfall Type 


Flow Meastirement 
Requirements 


Accuracy 


Flow Measurement 
Options Permitted 


Process 


Continuous flow 
Measurement 


' 
+ /-5'% on 
primary 
+/-2% full 
scale on 
secondary 


Primary an'd 
Secondary devices; 
cust'O'm methods 


Qince-thromgh 
Co'Oling wat'er 


Measurem'Bnt at time 
of sampling 


+/-20i% of 
actual flow 


Primiary device; 
Pumping rates ; 

Water balanC'C 


Stormwater 


Measurennent at time 
of sampling 


+/-20% of 
actual flow 


Primary 'device;, 
friction formula 


Emergency 
Overflow 


Record 'd£ event 'date 
and approximate 

durati'on, of dis- 
cliarge 


N/A 


Visually observe 

or event I'O'gger 


Landfartn 
Leachate 


Volume/duration of 
each discliarge event 


+/-20'% of 
actual volume 


Pond draw'down; 
Other non- 
continuous meth'Ods 



N/A = Not Applicable 
Source :: 



Ontario,, Ministry of the Environment, Petrol eumr 
Refining Sector Monitoring Regulation. 
Fritz Engler, Water ReS'O'Urces Branch, 1987 
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TABLE 2.3 

SUMMARY OF EXISTING FLOW MEASUREMENT 
DEVICES AT EACH REFINERY 


Refinery 


Effluent 

Type 


Primary Flow 

Monitoring Device 


Secondary Flow 
Monitoring Device 


1. EssO' 
1 (Sarnia) 


P 


have 


required 


CI - C3 


do not have 


do not have 


S 


n/r 


n/r 


E 


n/r 


n/r 


L 


n/r 


n/r 


2 . Petro-Canada 
(CI ark son) 


P 


have 


have 


C 


have 


have 


S 


n/r 


n/r 


E 


have (keep) 


have (keep) 


L 


n/r 


n/r 


3. Petro-Canada 
(Trafalgar) 


P 


have 


have" 


C 


n/r 


n/r 


s 


n/r 


n/r 


E 


do not have 


do nO't have 


L 


n/r 


n/r 


4. Petrosar 
(Corunna) 


F 


have 


have 


C 


n/r 


n/r 


S 


do not have 


do not have 


E 


n/r 


n/r 


L 


have (cali- 
brated pond) 


do not have 


5. Shell 
{Sarnia) 


P 


have 


have 


CI - C2 


do not have 


do not have 


S 


n/r 


n/r 


E 


dO' no't have 


do not have 


L 


n/r 


n/r 


6 . Suncor 
(Sarnia) 


P 


have 


have 


C 


have 


do not have 


s 


n/r 


n/r ! 


E 


n/r 


n/r 


L 


have (pond) 


d;0 not have 


7 . TeKaco 

(Nanticoke) 


P 


have 


have 


C 


n/r 


n/r 


s 


have 


have 


E 


n/r 


n/r 




L 


n/r 


n/r 



P = PrO'Cess Effluent 
C = Once-thrO'Ugh Cooling Water 
S = Stormwater 
E = Emergency OverflO'W 
L = Landfarm Leachate 
n/r = Automatic primary and secondary flow measuring equipment not 
required. 

Sources ; Ontario, Ministry of the Environment, Water Resources 
Branch, Refinery Summary, March 11, 1987. 

Fritz Engler, Water Resonxces Branch, Personal 
Communication, July 3, 1987. 
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Table 2.3 identifies the flow monitoring devices 
which were in place at each of the refineries in 
March 1987. 

Automatic prim,ary and secondary flow measurement 
devices are required for prO'Cess flows tO' meet 
accuracy requirements specified in Table 2.2. In 
some cases,, it may be possible tO' ob'taln flow 
measurements in the MISA, accuracy requirements by 
method,s o^ther than automated primary and secondary 
devices. The choice of a me'thod depends on the 
site characteristics and the nature of the coats of 
the methods. One-time capital expenditures are 
preferred to recurring annual operating costs in 
perpetuity. 

The regulation also requires that fittings be 
installed on process v;ater outfall flow measurement 

primary devices which permit callibration of these 
devices. For devices already installed, this 
requirement could be men by dismantling the flow 
measurement device or by reinstalling new 

equipment . 

Monitoring of inlet or intake water is not 
explicitly required by the regulations. However, 
those refineries which take their process and 
cooling water from water bodies which have 
municipal and industrial wastes discharged into 
them have an Incentive to m,onitor their intake 
water in O'rder to determine their net loadings to 
watercourses . 

Flow measurement devices must also' be safely 
accessible to provincial O'fficers. This 
requirement could necessitate significant 
structural improvements and costs . 



2 - 4 Characterization An,a,lyeee 

All samples are assumed tO' be sent to^ a co'mmerclal 
laboratory for characterization o^r routine 
analyses. Characterization analysis requirements 
are specified in Section 4 of the "Effluent 
Monitoring - Petroleum Refining Sector" regulation. 
The parameters tO' be analyzed are listed as the 
analytical test groups in Schedule A of the 
aforementioned regulation . 

Analytical test groups consist o^f those 
contaminants which can be detected and measured by 
a similar type of test. There are 27 analyzed test 
groups listed in Schedule A which include about 150 
individual chemicals. 
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Prices of tests include quality aseurance/quality 
control (Q:A/QC) samples and the preparation of 
required reports. In some cases, a price for an 
analysis includes transpO'rting samples . Prices for 
sample analyses used in this study are based on a 
survey of seven Ontario' labo^ratories (MOE, 1988). 
No attempt was made to estimate the costs of 
building labO'ratoTy facilitie'-s on site as an 
alternative means O'f completing the analyses. 

Characterization analyses must be conducted twice 

within the first year and once every three years 

thereafter and after each significant process 
change. Samples fO'r characterization analyses must 

be taken from all prO'Cess effluent streams after 

final treatment but prio'r to dilution with once- 
through cooling water. 



2 . 5 Routine Analyses 

Whereas characterization analyses are conducted 
once or twice per year and involve tests for a 
large number of contaminants, routine analyses 
involve more frequent tests but for fewer numbers 

of c on t am i n ant s . 

Routine analyses for specified contaminants are 
carried out on samples from designated outfalls on 
a daily, thrice-v/eekly , monthly^ quarterly, annual^ 
or "event" basis. The analyses required depends 
upon the effluent type and the expected 
contaminants in the effluent. Frequencies of 
routine analyses are specified in Schedule A of the 
"Effluent Monitoring - Petroleum Refining Sector" 
regulation. The analytical test groups to be 
analyzed and their required frequencies are 
summarized in Table 2.4, The numbers listed in the 
columns in Table 2.4 refer to analytical test 
groups noted in Table 3.3. 



2 . 6 Toxicity Testing 

Toxicity o^r biological testing is conducted by 
using the static 96-hour LC50' toxicity test, A 
series O'f graded water/wastewater concentration 
samples are used to determine the concentration of 
effluent that is lethal to^ 50% of a pre-specif led 
number O'f aquatic organisms, such as rainbow trout 
fingerlings, over a 96 hour period. This 
concentration of effluent is known as the "LC50' 
concentration",. This test is to be conducted 
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TABLE 2.4 
FREQUENCIES OF ROUTINE ANALYSES AMO ANALYTICAL TEST GROUPS** TO BE ANALYSED 


Sampling Points/ 
Effluent Streams 


Daily 


3 X 
Weekly 


Monthly 


Quarterly 


A Time of 
Discharge 


Yearly 


Process Effluent 

Streams 


Col. 4* 
3 , 8 , 14 


Col. 5* 

3,4a(NH4) , 

5,6,8,14, 

15,17,25 


Col. 5* 

3,4a(NH4), 

5,6,8,14, 

15,17,25 


Col. 6* 
1=20, 25 


i 


'' 


Once-through 
Cooling Water 
Streams 






Col. 8* 
3,5,8,9,** 
14,15,17, 
25 




!! 




Stormwater 
Effluent 

i 










Col. 5* 
3,4a{NH4), 
5,6,8,14, 
15,17,25 


i 


Emergency 
Overflow 










Col. 5* 
3,4a(NH4), 
5,6,8,14, 
15,17,25 




Landf arm 
Leachate 




I' 






Col. 5* 
3,4a(NH4), 
5,6,8,14, 
15,17,25 


Col. 6* 
1-20, 25 



* Refers to columns in Schedule A of the "Effluent Monitoring - Petroleum Refining Sector" 

regulation . 



** Numbers in columns refer to analytical test groups listed in Table 3.3. 



monthly at all process effluent eampling points, 
arid quar'terly at all once-throttgh cooling water 
eampling po'ints. 

Two toxicity test proto-cols are required. One uses 

rainbow trout fingerlings while the O'ther emplO'ye 

Daphnia magna , a small invertebrate crustacean. 

Table 2.5 presents the number of tO'Xicity tests of 
each type required annually at each refinery. 



2. 7 Reporting and AdmlriistratiQn 

Monitoring data will have to be assembled,, 
recorded, stored ^ and reported to company 

management and the Ministry of the Environment. 
Data storage and manipulation will require an 
AT personal computer together with 'Qompatible 

peripherals and software. 

Industry sources estimate that reporting and 
administration will require one full person-year at 
the middle management/engineering level tO' Initiate 
and carry out the monitoring program in a 
regul atory framework . 

Personnel requirements are expected to^ drop' to 

.25 person-years during subsequent years. 



2 .8 Pre-Regulation Consultation and Meetings 

Personnel from the petroleum industry spent time at 

meetings and review committees in OTder to 
participate in the development of the regulations. 

Between April 1986, when the Petroleum SectO'r JO'int 
Technical Committee (JTC) was initiated, and the 
end of December, 1987, industry representatives 
spent approximately 160 person days in meetings and 
committees . 

In addition, the petroleum coTOpanies report that 
the following number of person-days were spent over 
12-mo'nths to undertake pre-regulation mo^nito^rlng 
tasks (H.J. Carter, 1988): 

EssO' Petroleum, 60 persO'n-days 

Petro-Canada - Clarkson 72 person-days 

- Trafalgar 72 person-days 

Petro'sar 50 person-days 

Shell Canada Products' 48 person-days 
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TABLE 2.5 


: 




HtJMBER OF RaiNBOW TMOUT Mm DAPHNIA MA,CT^A TOXICITY 
TESTS REQUIRED FOR EACH REFINERY 


Refinery 


No. of Process 
Effluent 
Streams. 
(12 X) 


No . of 

CO'oling 
Water Outlets 

(4 K) 


NO' . O'f Each 
Type of 
Test per 
Year 


1,. 


Esso 
(Sarnia) 


1 = 12 


3 = 12 


i 

24 


2. 


Petro--C,an,ad,a 
(Clarkson) 


1 = 12 


2 = 8 


20 


3. 


Petro-Canada 

(Trafalgar) 


1 = 12 


Pf ^ 


12 
i 


4. 


Petrosar 
(Corunna) 


1 = 12 


g 


12 


5.„ 


Shell 


1 = 12 


2 = 8 


20' 




(Sarnia) 








6. 


Suncor Inc . 
{, Sarnia) 


1 = 12 


1 = 4 


1'6 


7. 


Texaco 
{Nanticoke) 


1 ■= 12 





12 



Sources: Ontario, Ministry of the Environment, "Effluent 
Monitoring - Petroleum Refining Sector" i 

Wendy Moss, Water Resources Branch, Personal 
Communications, 1987. 
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SuncO'T 125 person-days 

Texaco Canada 72 person-days 

SubtO'tal 499 per son- days 

JTC Meetings etc. 160 person-days 

TOTAL 659 per son -days 

These estimates may underetate the amO'Unt of staff 
time actually spent on pre-regulation assessments 
and they do not necessarily represent the time 
requirements of staff in the future. 



2 , 9 Recommendations of the MISA Advisory Conmlttee 

(MAC)" '"' ^^^ 

The MISA Advisory Committee is a group o^f experts 
which was established to provide the MISA process 
with an independent,, third party opinion. This 
Committee reviewed the draft Refinery Regulation 
and issued a report on June 17, 1987 which 
contained several recommendations concerning 
additional tests or modifications of those 
specified in the regulations.. 

The Ministry responded to the£-e recommendations in 
the Draft Effluent Monitoring Regulation for the 

Petroleum. Refining Sector (July 1987). One of the 

MAC recomm,endations ^ that acute toxicity tests 
using Daphnia magna be required, has been included 
in the regulations. 
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3 . 0' HON I TOR IMG COST ESTIMATES 

3 ,1 Comprehenisiveneiss and Accuracy 

Expected incremental capital and operating costs 
are estim,ated fox each monitoring function and for 
certain activities that were completed during the 
development o^f the regulations. Uncertainties are 

due primarily tO' lack of information about the 
physical input requirements for each monitoring 

function. As discussed, estimates O'f the 
monitoring installations and their associated costs 
have been provided by the individual companies. 

Data sources, assumptions and other factor's that 
account for the potential range O'f estimates fo'r 
certain monitoring functio'ns are explained. 
Industry representatives stated that the capital 
cost estimates they supplied could vary by 
+/- 30%. 



3.2 Timing 

Costs will be incurred during the 18-month tenure 
of the regulation. Subsequent tO' this period, the 
frequency and number of routine analyses required 
may be changed if the results indicate that some 
contaminants are not present in the wastewater 
streams. Other monitoring functions, including 
toxicity testing, flow measurement, sampling and 
reporting may also be changed. However, sampling 
and analysis of process water effluents will 
continue. 

Equipment and structures that are purchased and 
installed for flow m,easurement , sampling and 
reporting will be serviceable for the next five to 
ten years. At a minimum,, companies may be able to 
write off their capital expenditures over three 
years for tax purposes. If the companies continue 
to use the monitoring equipment after the 
regulation has expired, it would be appropriate to 
"annualize"' the capital expenditures over the 
relevant time period using an agreed-to interest 
rate. For purposes of this exercise, it is assumed 
that the equipment will be used for at least 5 
years after installation. Capital co^sts will, 
therefore, be "'annualized" over a 5-year period in 
order to provide an indication of the total cO'St 
over the duration of the regulation. 
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3 . 3 Sampling Facilities 

The regulations require that samples be collected 
on a daily basis. Each refinery will likely have 
to dedicate a vehicle for this purpose. A new van 
will cost abO'Ut $18,0'00 to buy or $6,, 000' per year 
to lease. Aesuming the vehicle travels 10,000 km 
per year and using a government reimb'Ursement rate 
of $,.275 per km, the annual operating costs would 
amount to $2,750 at each refinery. If the truck is 
leased, the annual cost would be $8,750. 

The regulations require that samples must be 
collected and stored until analyzed, in an 
environment that is cooled to belov; 10°C and 
prevented from freezing. Consequently, at a 

minimum, refrigeration equipment is required at 
each refinery to store samples. These units would 
have to be explosion-proof at some refineries. 
Industry spokesmen report that refrigeration 
equipment to house automatic samplers would cost 
$6,500 while explosion-proof refrigerators to store 
samples prio^r to analysis could cost as much as 
$2,500. 

Engler (1987) estimated that it wo^uld take 
employees at each refinery about 25 to 30 hours per 
week to collect samples. In a repO'rt to the 
Ontario Petroleum Assooiation, Maynard and Young 
{February 1987) estimated that all sampling and 
some analytical activities would require abo^ut 
84.5 hours of staff time per week at each refinery. 
However, after time assO'Ciated with analyses is 
deducted, sampling alone would appear to involve 
30.5 hours per week of staff time, a confirmation 
O'f Eng 1 e r ' s e s t im a t e . 

Maynard and Young (February 1987; Section 8) also 
note that two technicians and two scientists would 
be required for sampling at salaries of $30,000 and 
$45,000 per year respectively. These wage rates 
represent $16 and $23 per hour. Since it is not 
known just what mix of staff will be used in 
collecting samples, an average of $19 per hour is 
used as the wage rate for the sampling activity at 
each refinery together with the 30 hours per week 
of sample collection activity. 

Automatic, flow-proportional samplers cost between 
$7,000 and $10,000. However, installation costs, 
which include temperature recO'rders, electrical 
supply, signal cables and construction, are 

sensitive to site-specific circumstances. 
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Industry OP A estimates o^f capital (which include 
equipment and Installation) and operating costs for 
sampling are shown in Table 3.1.. Summary cost 
estimates for this function were derived in the 

following manner: 

Capital cO'St estimates show what is being 
spent on inlet samplers and what is being 
spent for samplers on, effluent streams that 
are specifically required by the regulations. 

An amount of $30,000 per year in operating and 

maintenance is assumed for refineries lacking 
a specific estimate from the O'PA. 

'^^ Transportation costs for collecting samples 

are estimated to be $8/750 per year at each 
refinery. 

Construction of additional laboratory space fo-r 
sample preparation has been budgeted by twO' O'f the 

seven refineries. 

Table 3.1 shows that the capital costs for' sampling 
tota.1 $506,000. The intake water sampling 
facilities costs a total of $135,, 000 while sampling 
devices at outlets as required by the regulation 
could entail capital expenditures of $371,000. 
Because the capital cost estimates could vary by 
+/- 3 0%, the total capital costs for this function 
could range between $354,000 and $657,800. 

Operating costs are likely to total $287,250 for 
all seven refineries.. 

If a refinery opted for a manual s.ampling system, 
twO' peopLe would be .required for gr.a.b sampling for 
safety.. If actual collection t.akes about 

30 minutes per lO'Cation, daily sampling would 
entail 4 hours per day, 365 days per year. 

However, union contract requirements and other 
practicalities would necessitate the employment of 
two 2-person crews over two shifts. According to 
industry sources, it is also unlikely that these 
crews would be able to be usefully employed at 
anything else. Consequently, the total number of 
person hours per day devoted to this activity could 
be a much as 32 person hours per day or 11,680 
person hours per year. 
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TABM. 


3.1 










1 




AUTOMATIC SAMPLING FACILITIES COST ESTIMATES 










Cost Items 


Esso 
(Sarnia) 


Petro-Canada 


Petrosar 
(Corunna) 


Shell 
(Sarnia) 


SuncoT 
(Sarnia) 


Texaco 
(Nanticoke) 


TOTALS, 




(Clarkson) 


(Trafalgar) 




Capital 








1 






',, 






Equipment & Installation,'"' 
Buildings" 


90,000 



22,000 



20,000 



20,000 



40,000 
50,000 


100,000 
140,000 


24,000 



316,000 
190,000 




Subtotal 


$90 ,,000 


$22,0'00 


$20,000 


$20,000 


$90,000 


$240,000 


$24,000 


$506,000 


1 

(SJ 


Equip, fit Install. 

foT Inlet water 


45,000 


22,000 


10,000 





8,000 


50,000 





$135,0"00 


1 


Capital Equip. & 
Install, for Process 
Water 


$45,000 


$0 


$10,noo 


$20,00'0 


$82,000 


$190,0'00 


$24,000 


$371,000 




Operating Costs 




1 




'i 1 












Operation and Maintenance* 
Vehicle Leasing & 
Operation*"* 


30,000** 
8,750 


48,000 
8,750 


48,000 
8,750 


30,000 
8,750 


39,000 
8,750 


14,000 
8,, 750 


11,000 
8,750 


$220,000 
$ 61,250 




Subtotal 


$38,750 


$56,750 


$56,750 


$38,750 


$47,750 


$22,750 


$19,750 


$281,, 250 


















i 





* Source: H.J. Carter, OPA, February 1988. 
** MOE estimate, Esso stated $0 operating and maintenance 

*** Sefe text for explanation. 



The annual cO'St foT manual sampling would,, 
therefore, amO'Unt to^: 

32 person ho^urs/day x 365 days k 
§19/persO'n hO'Ur ~ $221,920' per year per 
refinery 

The difference in annual expend itures for sampling 
between the use of automatic samplers and manual 
sampling could be as much as $1.3 million per year 

for all seven refineries. 

Under these conditions, automatic sampler are 

clearly the lower cost option. 



3.4 Flow Meas^urement 



Site visits by M:0E personnel in March 1987 found 
that each of the refineries already had some type 
of primary flow measurement device on its process 
effluent O'Utfalls (see Table 2.3). Industrial 
representatives have subsequently determined that 
flow me^asurement facilities identified in Table 2.3 
will not satisfy MISA requirem,ents . They note that 
virtually all of the monitoring points in each 
refinery will require new flow measurement 
equipment . 

Estimates of the capital (equipment and 
installation) costs of flow measurement facilities 
have been provided by each of the seven refineries 
together with maintenance costs. The estimates 
summarized in Table 3.2 show: 

(a) The costs of upgrading or replacing flow 

measurement equipment at process water 
sampling points. 

(b) The cost of prim,ary and secondary devices 
on intake water. 

(c) The cost of devices at cooling and storm water 
s amp 1 Ing po int s . 

(d) The total cost estim,ates provided by 
industry. 

Operation and maintenance costs are provided by the 
industry. TwO' O'f the refineries do not expect to 
incur any additional maintenance costs. 

As shown in Table 3.2 a total of $73,700 in capital 
expenses is allocated for flow measurement o^f 



- 23 - 









TABLE 3.2 












FLOW IffiASlJlE,lffiNT C50ST ESTIM,TES 








Co'St Items 


Esso 
(Sarnia) 


Petro-Canada 


Petrosar 
(Corunna) 


Shell 
(Sarnia) 


Suncor 
(Sarnia) 


Texaco 
(Nanticoke) 


TOTALS 


[. C I arks on) 


(Trafalgar) 


CAPITAL COSTS 






1 




) 
1 




! 




Cost of devices at process 


35,0'00 


29,0'00 


lO.OO'O 


20,00'0 


32,000 


80,000 





$206,000 


sampling points 


















Cost of devices at intake 


41,70'0 


■i 


Oi 





32,000 








$ 73,700 


water 






;, 












Cost of devices at cooling 


83,300 








160,000 


96,000 


80,0'00 


13,000 


$432,300 


and stormwater sampling 


















points 


1 
















TOTAL* 


160,000' 


29,000 


10,000 


180,000 


160,000 


160,000 


13,000 


$712,00'0 


OPEIATING COSTS* 





19,000 


4 ,,000 





16,000 


16,000 


3,000 


$ 58,000 



" Source: H.J. Carter, February 1988. 



intake water which is not explicity required by the 
regulatiO'D. h total of $206,000 is budgetted for 
upgrading or replacing devices on process water 
outfalls. According to Table 2.3, only Esso did 
not have a secoindary flow measurement device on its 
process water outfall for which it intends to spend 
$35,000 . 

Five of the refineries intend to spend $432,300 on 

measurement devices at once-thrO'Ugh cO'O'ling and 
stoTm water sampling points, Petrosar reports that 
the expenditure of $160,000 is necessary in order 
to install devices that v/ill permit a determinatiO'n 
of flows within the +/-20% accuracy requirement of 
the regulation. 

Given a +/-30%, uncertainty level, the total capital 
costs could, therefore, range from $498,400 to 
$925,600 with a point estimate of $712,000., 

The firms also report that they intend to install 
primary and secondary devices on these outflows in 
order to obtain data that will permit a m_ore 
accurate estimate of the discharge volumes than 
required by the regulations and which will 
facilitate m,ore accurate estimates of contaminant 
loadings than would otherwise be possible. It was 
reported that while the equipment cost of flow 
measurement and recording devices to achieve a 
2%-3% accuracy would be significantly higher than 
devices to achieve an accuracy of +/-20%,, the final 
installed cost would be very similar. 

The industry expects that operation of flow 
measurement devices will cost a total of $58,000 
per year. 



3.5 Characterization Analyeee 

FO'T purposes of these estimates, it is assumed that 
all characterization and routine analyses will be 
performed by a commercial laboratory. Because 
laboratory capacity is available in Sarnia and 
other communities near Ontario refineries, sample 
transport costs are assumed to be included in the 
test prices. 

Use of analyzers for certain chemicals is severely 
limited by the regulation. These devices may be 
considered for future adoption, however. 

Commercial laboratory prices for each test group 
are listed in Table 3.3 and are based on a survey 
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TABLE 3.3 






AVERAGE ONTARIO COMMERCIAL LABORATORY PRICES 




FOR ANALYTICAL TEST OMOUPS 








Average 


No. 


Analytical Test Group 


Price 
$ 


1 


Chemical O'xygen Demand 


30,58 


1 


Cyanide 


37.07 


1 


Hydrogen ion (pH) 


5.57 


4 a 


Ammonia Nitrogen plus Ammonium $18. 50') 


49.33 




Total Kjeldahl Nitrogen 30.83} 


4b 


Nitrate $18.17) 
Nitrite 16.50J 


34.67 


5 


Dissolved Organic Carbon (DOC) 


30.00' 




Total Organic Carbon 


31.25 


i 


Total Phosphorus 


22,50 


f 


Specific Conductance 


7.50 


i 


Total Suspended Solids (TSS) ) 


14.50 




Volatile Suspended Solids (VSS) ) 


9 


Total Metals {13 metals) 


108.21 


10 


Hydrides (antimony, arsenic, selenium,) 


21.83 


11 


Chromium (Hexavalent) 


21.64 


12 


Mercury 


19.17 


13 


Total Alkyl Lead 


145.00 


I 14 


Phenolics (4AAP) 


36 . 83 


15 


Sulphide 


30.00 


16 


Volatiles, Halogenated ) 




17 


Volatiles, Non-Halogenated ) 


250.00 


18 


Volatiles, Water Soluble ) 




19 
1 20 


Extracrables , Base Neutral ) 
Extractables, Acid (Phenolics) ) 


400 . 00 


21 


Extractables , Phenoxy Acid Herbicides* 


N/A 


22 


Extractables , Organochlorine Pesticides* 


N/A 


23 


Extractables , Neutral-chlorinated 


213.57 


24 


Chlorinated DibenzO'-p-diO'Xins and 






Dibenzofurans 


1,187.. 50 


25 


Solvent Extractables (Oil and Grease) 


38.36 


26 


Fatty and Resin Acids 


125.00 


27 


PCB's (Total) 

Gas Chromatography and Mass Spectroinetry 


123,29 




Open ScaniS 


SO'O.OO 



N/A = 
* = 

Source 



NO't Available 

Does not apply to the Petroleum. Refining Sector 
Ontario, Ministry of the Environm,ent . Inventory and . 
Critic.al Review of L.abor.atory Resources , Tor ont o , 
Laboratory Services Branch, Ontario Ministry of the 
•Env i r onment , 1 9 8 8 . 
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O'f seven Ontario commercial laboratories (Ontario 
Ministry of the Environment, 1988). Note that the 
test groups listed in Table 3.3 are the same ones 
referred to in Table 2.2. Based on the price list 
shO'wn in Table 3.3, a complete characterization 
analysis could cost about $3,. 000. 

The regulations stipulate that each refinery will 

have tO' conduct two characterizatiO'n analyses O'n 
its process effluent sampling pO'int during the term 
of the regulation. At $3,, 000 per characterization 
analysis series, the cost co^uld be as much as 
$6,000 per refinery during the first year. 

Refineries may not have tO' incur this to^tal cost 

because they will be permitted to^ use results from 
the routine analyses in their characterisation 
report. If this were done,, the total cO'St O'f a 
characterization for those parameters no^t included 
in any of the routine analyses could be as low as 
.$1,350 or about $2,700 per year per refinery. 
Using this figure, characterization wou,ld. cost a 
total of about $10,900 for all seven refineries 
during the period of the regulation. 

The refineries report that pre-pro^gram 
characterizatio.n analyses plus analyses during the 

duration of the regulation will cO'St a to^tal of 
$225,000. .About $143,000 or 64% of this amount 
appears tO' have already been spent on studies 
during pre-program consultations. Of the 
remainder, some refineries plan to carry out 
characteri.zation. analyses on inlet waters which are. 
not required in. the regulations but which will 
provide useful data. 

Consequently, characterization analyses during the 
period of the regulation would cost between $2,700 
and $6,000 per refinery or $18,900 to $42,000 per 
year for all seven establishments. 



3 .. 6 RO'U.tiTi.e An,a.lysee 

The number O'f rO'Utine analyses, hence costs, will 
vary from one refinery tO' another because each 
refinery has a different configuration of 
m,onitoring points as shown, in. Table 2.1. 

Using the price list in Table 3.3, e.stimates of the 
annual cost of routine analyses amount to between 

$124,960 and $156,402 per refinery for a total of 
$974,015.. As noted, transpcrt costs are assumed to 
be included in these prices. Furthermore, because 
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the regulation will be in foT'ce only 18 months, it 
is assumed that no^ capital cO'Sts need be incurred 

strictly tO' comply with this aspect of the 
regulating. 

HO'Wever, the OPA repO'rts that the refineries intend 
tO' spend about $315,000 in capital improvements foT' 
bO'th routine analyses and tO'Xicity tests .. 
Furthermore, the annual laboratory costs of routine 
analyses were estimated by the companies to be 
$1, 0'43,0'00' over the 12-month period when testing 
would take place. OPA estimates are reported to be 
based on commercial laboratory price lists or in- 
house costs. 

Because the regulation wjll be in force only during 
an 18 month period, it is possible that routine 
analysis could be implemented v/ithout capital 
improvements to in-house laboratories. However, 
two companies report that they will each purchase 
new gas chromatograph analyzers and 5 refineries 
plan to purchase extra glassware for their 
laboratories. These extra capital expenditures 
total $315,000 for this function. 

Given the uncertainties inherent in the estimates 
and the potential for lower test prices for large 
vo'lume contracts, the operating cost range of 
$944,015 to $1,043,000 appears entirely plausible. 

Table 3.4, which summarizes capital cost estimates, 
includes proposed capital costs for capital 
improvements for routine analyses in the OPA total 

costs . 

Two factors could contribute to higher costs than 
those identified for characterization and routine 

analyses. First, transport costs from, the 
refineries to the coTOmercial laboratories have no^t 
been estimated. These costs could amount to as 
much as $50.00 per shipment depending on the 
distance from the lab to the refinery. Second, to 
the extent that the dem,and for labor ato'ry tests and 
O'ther services increase more rapidly than lab 
capacity, prices for various tests would increase 
faster than the rate of inflation. 



3 . 7 Toxicity Testing 

Co^mmercial lab prices for the trout and daphnia 
tO'Xicity tests range as follows: 

trout: $300-$600 per test 
daphnia:. $200-$500 per test 
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Prices o^btained from commercial laboratories by 
Ministry staff averaged $380' per trout test and 
$250 per daphnia test. These prices are used in 
the estimates. The numbers of each type of 
toxicity test mandated for each refinery by the 
regulation were summarised in Table 2.5.. 

Using the average commercial laboratory prices and 
the testing schedule specified in Table 2,5, the 
tO'tal cO'St O'f this function during a 12-month 
period amounts tO' $72,840. Higher estimates of 
tO'Xicity cO'Sts were submitted by some refineries 
than are shown in Table 3.5 because they intend to 
conduct mO're teste than required by the regulation 
(e.g., 60 tests versus 40 at the Petro-Canada, 
ClarkLSon refinery- 56 instead of 40 at Shell). 



3.8 RepO'rting^ Admiriistration and Contingencies 

Firms will require an AT personal computer, 
software and personnel dedicated to perform the 
data storage and report generation functions. 
Consequently, the oil companies estimated that 
$42,000 in capital costs v/ould have to be expected 
for reporting. 

T?ie oil companies estimate that operating costs for 
reporting and administration could range from 
$14,000 to $20,000 per refinery. The actual set up 
costs at the outset of the regulation period could 
be higher for some refineries because a systems 
engineer may be required in debugging the system. 

Part of these costs may be included in a 

miscellaneous/contingencies cos^t category cited by 
each company that ranged from $46,000 to $83,0'0'0 
per refinery, for a total o^f $405,000 for all 
seven. These and other operating cost estimates 

are summarized in Table 3.5. 



3 . 9 Regu 1 at i on Deve 1 opment 

Based on an estimated 660 person-days spent on 
pre-regulatiQn meetings and committees and using a 
gross value of $350/day for salary and overhead^ 
the costs of pre-regulation labour by industry 

amounts to $231,000. 

hs noted,, these estimates do not include time spent 

after December 31, 1987. 
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TABLE 3.4 














SUMMARY OF CAPITAL COST ESTIMATES FOR 


EACH REFINERY 








Monitoring Activity 


Esso 
(Sarnia) 


Petro-Can 
(Clarkson) 


Petro-Can 
(Trafalgar) 


Petrosar 
(Corunna) 


Shell 
(Sarnia) 


Suncor 
(Sarnia) 


Texaco 
(Nanticoke) 


TOTAL 

FOR ALL 

REFINERIES 


Sampling, Total" 
Capital for Intake Water 


90,000 
45,000 


22,000 
22,000 


20,000 

10,000 


20,000 



90,000 
8,000 


240,000 
50,000 


24,000 



$ 
$ 


506,000 
135,000 


Flow Measurement, Total" 
Capital for intake water 
Capital for storm and coo- 
ling water sampling points 


160,000 
41,700 

83,300 


29,000 





10,000 





180,000 


160,000 


160,000 
32,000 

96,000 


160,000 


80 , 000 


13,000 



13,000 


$ 
$ 

$ 


712,000 
73,700 

432,300 


Characterization Analyses 




























Routine Analyses 


130,000 


6,000 


29,000 





30,000 


120,000 





$ 


315,000 


Toxicity Testing 




























Reporting 


4,000 





11,000 


12,000 


15,000 








$ 


42,000 


Total Capital Cost 




















per Refinery 


1 










; 








Point Estimate 


$384,000 


$57,000 


$70,000 


$212,000 


$295,000 


$520,000 


$37,000 


$1 


,575,000 


Potential Range (+/- 30%) 


$268,800 - 
$500,000 


$40,000 - 

$74,100 


$49,000 - 
$91,000 


$148,400 - 
$275,600 


$206,500 - 

$383,500 


$364,000 - 

$676,000 


$26,000 - 
$48,000 


$1 
$2 


,102,500- 

,0'47,500 


Annualized Cost 

(at 10% over 5 years) 




















Point Estimate 


62,900 


9,340 


11,470 


34,725 


48,320 


85,175 


6,060 


$ 


257,980 



Source: H.J. Carter, OPA, February 1988 



3.10 Total Costs of the MISA Petroleum Refining Sector 
Monitoring Requirem,ents 

The total capital and operating cO'Sts that could be^ 

incurred to^ comply with the regulations are 
discussed in this section along with the potential 
impacts on the refineries. 

Table 3,4 presents a summary of the capital cost 
estimates for each monitoring function. The point 
estimate of the total capital costs is $1,575,000',. 

Because of the uncertainties associated with these 
estimates, the actual total capital e^xpenditures 
could vary by +/-30% or between $1 million and 
$2 million. "About $208,700' or 13%, of the point 
estimate would be used for the installation of 
sampling and flow measurement equipm,ent on intake 
water points. 

Spokesmen for the refineries have emphasized that 
they intend to install automatic samplers and flow 
measurement facilities at virtually all of their 
sampling points and intake water in order to reduce 

lon,g te,rm, recurring labour costs that are 
associated with other methods of sampling and flow 
measurement. 

The refineries have stated, that they intend to 
invest m,ore capital than may be strictly required 
by the regulation in order to obtain data about 

intake water and to reduce long-term personnel 
requirements for monitoring functions by 
substituting capital equipm,ent, for labour. 

Table 3.5 shows the estimated costs for 
characterization, routine and toxicity analyses for 
each refinery using a common estimating procedure. 
The total operating costs of all functions, 
including contingencies and intake water testing, 
could amount to about $2 million. Oil firms 
indicate that these estimates could be off by 
+/-15%. At this level of uncertainty, operating 
expenditures could range as high $2.3 million. Of 
this amount, $145,168 would be required for 
characterization, routine and toxicity analyses for 
intake water . 

The total capital and operating cost point estimate 

(including i,ntake water testing and contingencies) 
would amount to $3.7 .million. However, if the 
refineries continue to use the capital equipm.ent 
after the monitoring regulations h.ave expired, the 
capital costs should be "annualized" to reflect the 
fact that the equipm,ent will last longer than one 
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_ _ TABLE 3 . 5 

soMfflraar ow wxba fetromw: im-nnRir noifi'iJO'iuaiG msTS - vomr liino^s 



MOMITOR^Q ACMVITIIS 


■sso 


PETROCail 

Clarkaion 


PITROCIW 
Tra£a,lgajf 


PETRO'SAR 


uumm. 


stmcoR 


TEOyCO 


$ 


TO»M.S 


'ChaEacteiE-izat ion .Analyses 




















Process Sanyling Fo.ints 


$2,700 


$2,70iOi 


$2,70© 


$2,700 


12, 700 


$2,700 


12,700 


$18,900 


, f 1 


Intake ifat«.r 


2,700 


2,700 


2,700 


2,700 


2,700 


2,700 


2,700 


18,900 




.___________.. __«,_-__. — , _. 















—....— __, _.^««,^^^a 






:Ro«tine Aaalysas 




















daily 


2©, 769 


20,769 


20,769 


20,7fi:i 


20,7691 


20,769 


20,769 


145, 383 




amteekly 


88,268 


105,149 


105,149 


10' 5, 149 


105,149 


88,268 


88,268 


685, 400 




monthly 




















cooling wafcar 


2,049 


1,366 


a 


i 


1,, 366 


€83 





5, 464 




atona £ l@&ebat« 


5, 4S0 


5,480 


■i 


10, 9i0 


5,, 480 


5, 480 


5,480 


38,360 




^arterly 


10,440 


9,141 


9,141 


9, 141 


9, 141 


10,440 


10,440 


67,884 




yaarly (loaehata) 











762 





762 





1, 524 




misG . Btainteaanea 


i 


i 


i 


i- 


•i 


30,000 


i 


30,000 




Sub-total (proeaaa, eoo'limg' 




















ete, aampllBifl ;pO'int8j 


127,001 


141,9015 


135,059 


146,781 


141,905 


156, 402 


124, 957' 


974, 01,5 


4i . 80 


Inta)r# watas 


12,48i 


10,507 


9,141 


i,, 141 


10,507 


11, 123 


10,440 


73, 34.8 




Toxicity tasting 










-— — ■ — ' — — — 


1 "ftont 


i,120 


7, €00 


4, 560 


4,560 


7, 600 


i, <680 


4,560 


44, €80 




tM Daplmia 


€,, mo 


5,000 


3, oeo 


3,000 


5,000 


4, 000 


3,000 


29,000 




Sub^-total (proeosa, oooling 




















' etc. aaaqpling po^intsj 


15, 120 


12,600 


7,560 


7,560 


12,600 


10,680 


7,560 


73, 680 


3,54 


Intake water 


7,5fi 


7,560 


7,560 


7,560 


7,560 


7,560 


7,560 


52, 920 








Flow Beasuremant* 





19,000 


4,000 





16, 000 


16,000 


3,000 


58,000 


2 , 79 












— — — — — ___, 


,._______.___ — ___.. 




,—_______,____. 




S^mpliog (nwint. £ Tunhicl 


3S,, 75i 


i€, 75© 


62,750 


3S,750 


47,750 


22,750 


18,750 


286,250 


13.76 


_. , — »_______________.__.„___,___,_ 






.„__,„,_,__„_____„ 


__,_ _______ 


__, 










.^ipO'irtiiig and. .Ittein.* 


2®, 000 


19,000 


19,000 


16,000 


16, 000 


16,000 


14,000 


120,000 


5.77 








. — ., ,««___,___, 








,__,_«_,_______ 






.Miac . /Coot,ing'anciao • 


59, ©OO' 


54,000 


51, OiO 


46, 000 


58,000 


83, 000 


54,000 


40S, 000 


19.46 


'TOTJU, OPBRATiniO' COSTS 




















Total IntaJsia Watar Taating 


22,741 


20, 767 


19, 401 


19,401 


20, 767 


21, 313 


20,700 


145,168 


€.98 


Total without C©nting«nei«s £ 




















I:ntafc«! Water 


1203, 57i 


$251,955 


$231,069 


1211,791 


$236, fS5 


$224,532 


$170, §67 


$1,530,8:45 




Total with. CoiitiBg«nci«8 1 




















lnt.aJc« Wat«r 


285,325 


326,722 


301, 470 


277, 1§2 


315,722 


321 „ 915 


245, €67 


2„O'S1,013 


100,00 



SottECa ■ 



J. 'Carta*, IMtario P«tEOlewii Jlasociation, Fab. 1988 



year. The annualized point estimate for all 

capital items,, over 5 years at 10%, would amount to 
$257/980 per year. If this figure is used, then 
the point estimate operating cost of the regulation 

would total $2.3 million for the first year of 

imp 1 ement at i o^n . 

Given the potential scope for adjusting monitoring 

equipment and system,s to reduce monitoring costs in 
other industrial sectors, it would be useful if the 
petroleum refineries would repoxt on the actual 
capital and operating costs they incurred during 
the period of the regulation. This inform,ation 
could help to improve future monitoring programs. 

3 . 11 Flii.ancial Impacts O'f Monitoring Costs 

The oil companies intend to spend more than what 

may be strictly required to comply with the 
monitoring regulations. If production efficiencies 
are not realized from these monitoring 
expenditures, then and the companies assert that 
there will be none, then the extra costs will serve 
only to reduce profit and return on investment to 
r e f in ing assets. 

Although there are no published disaggregated 

financial or production data on Ontario refineries,, 
there are statistics on the petroleum products 
segments for each company, except Petrosar . 

The financial data on the five other firms are a 
consolidation of each company's petroleum 
operations, not just the Ontario facilities. 

As discussed in Section 1.4, the monitoring capital 
cost, estimate for each refinery was computed as the 
percent of the lowest annual capital expenditure 

be-Lween 1981 and 1985. This quotient indicates how 
much of the firm's petroleum segment capital budget 
would have been required for monitoTing in that 
year . 

Another measure of financial impact is the 
percentage by which the extra operating costs would 
reduce each company's after-tax profits (O'r 
increase losses) for the petroleum products segment 
of the company's business. The monitO'ring 
estimates were compared with the total after-tax 
earnings (profits) over five years (1981-1985) and 
against the lowest positive profit during this same 
period. 
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FINANCIAL IMPACTS OF ESTIMATED MONITOIING COSTS ON THE CONSOLIDATED PETROLEUM PRODUCTS SEGMDEMT OF PETROLEUM COMPANIES 












Total Operating: Costs 








After-Tax Earnings (Lo'Ss) 


(witli Co'ntingencies) as a %, of 






Point Estimate 


between 1981 and 1985 


After-Tax Earnings (Loss) 




Lowest Annual 
Capital Expendlture 


Capital 

Expenditure for 












Lowest 








slnce 1981 for 


Monitoring as a 




PO'Sitive 








Petroleum Products 


% of Total 


Total Earnings 


Earnings during 


Total for 


Lo^we s t Fo'S i t i ve 




Segments 


Capital Expenditure 


for 5 Years 


the period 


5 years 


Earnings 


Company 


($ Millions) 


(X) 


($. Million) 


i$ Million) 


(7.) 


(%) 


Esso 


129 (1984) 


. 30 


776 

t 


61 (1983) 


. 04 


0.5 


Petro-Canada 


80 (1981) 


0.16 


1,033 


88 (1982) 


0.06 


. 7 


Shell Canada 


40 (1985) 


0.74 


349 


23 (1983) 


0.08 


1.4 


Siuncor 


18 (1985) 


1 . 86 


64 


1 (1984) 


0.5 


32 . 9 


TexacO' Canada* 


59 (1983) 


0.06 


! (2S) 


39 (1985) 


(1.0) 


0.6 



"* Capital expenditure and earnings data only available for 1983, 1984 and 1985 

Source: Consolidated annual reports of firms. 



Table 3.6 suinmariEea these measures. The results 
shO'W that the point estimates O'f mo'nitoring cO'St 
estimates account for less than 1% o^f tO'tal capital 
expenditures and after-tax earnings fox fO'Ur firms. 
Although small in comparison to the co^nsolidated 
earnings O'f these multi-national corpo'rations,, 
these extra costs can nevertheless have a 
significant effect on a segment of the firm,'s 
business and the plant to which the costs are 
assigned. The cost estimates are largest in 
relation to the capital expenditures and after-tax 
earnings of Suncor which suffered losses in recent 
years. Texaco Canada alsO' incurred significant 
losses in 1983 and 1984. Monitoring costs would 
have increased these losses by about 1%. 

The impacts of both capital and, op^e rating costs on 
a firm are mitigated by the tax system. B'ecause 
all or a part of these costs can be deducted from 
taxable profits, the federal and provincial 
governm_ents will incur some of the costs in terms 
of less tax revenue. 

As noted, the monitoring regulation will expire 18 
months after it is promulgated. Subsequent annual 
operating costs could be reduced if the number and 
frequency of routine analyses, characterization 
tests and reporting costs are reduced.. 

The oil companies reported that the added 
monitoring activities to be undertaken would, in 
general, be perform,ed by existing staff and that no 
new permanent jobs would be created as part of the 
c o mp 1 i an c e p r og r am s . 

On the other hand, some monitoring expenditures 
will be used tO' purchase equipment and laboratory 
services from O'ther businesses. Economic activity 
and some employment will be generated as a result 

O'f these expenditures. 
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4 . 0' CQNCLUSIQMS AND RECOMIEMDATIOMS 

4.1 Cone 1.US ions 

The Petroleum Ref inery Monitoring Regulation 
specified requirements fo^r 6 component monitoring 
activities at each of 7 refineries in Ontario:: 

-r' Sampling 

» Wastewater flow measurement 

■«■• Characterization Analyses 
« Routine Analyses 
Toxicity Testing 
■^' Reporting and Administration 

Including contingencies and Intake water testing, 
the total operating cO'Sts o^f the monitoring 
requirements for all seven Ontario refineries were 
estimated to range between $2.0 million and 
$2.3 million for 12-months over the 18-m,onth period 
of the regulation. 

The total, one-time capital expenses could range 
between $1 million and $2 million with a point 
estimate of $1.6 million. This range ia due to a 
+ 30%, uncertainty inherent in the cost estimations. 
B^ecause of the need for excavation for installation 
O'f flow measurement and sampling equipment the 
higher end O'f the range is more likely,, 

In constant dollar terms, operating costs for 
monitoring are likely to decline in subsequent 
years because: 

the number and frequency of routine and 
characterization analyses may be reduced in 
subsequent years; 

reporting and administration costs will likely 
decline. 

The extra capital costs implied by the "generic" 

and the refinery monitoring regulations constitute 
a small proportion of each company's historical 
annual capital expenditure for the petroleum, 
products portio'n of their businesses. 

The impacts of operating costs on pro^fits for four 
O'f the petroleum companies are in the range o^f one 
percent or less. One company would have 
experienced a reduction of as much as 32% O'f its 

after-tax profits if the m,onitoring costs had been 
incurred in a particularly unprofitable year. 
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This analysis could not be conducted for letrosar 
because no disaggregated financial data are 
available for this division of Polysar. 



4 . 2 Reco'inmendat i ons 



At the end of the regulation period, each refinery 
ehO'Uld report the actual extra capital and 
operating costs they incur to implement the 
monitoring Regulation requirements in order to: 

« validate and improve the cost- estimation 

procedures used in this report. 

- monitor and assess the financial and 

employm,ent impacts of the monitoring 
requirements , 

help to determine the full financial impact of 
the MISA requirement. 

Finally, when monito^ring data and activities at the 
refineries (and other industrial dischargers) are 
audited by MOE personnel or their agents, 
information should be gathered to determine whether 
the monitoring activities or data have been,, or 
could be, helpful in making the operations or 
processes more efficient and productive. 
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